Burga et al. could not identify regulatory regions which might contribute to flightlessness in the Galapagos cormorant. Using a bird-specific alignment we discover 48 limb enhancers showing strong accelerated evolution in P. harrisi, including enhancers of key cilia development, hedgehog signaling, and planar cell polarity genes, such as Prickle1, Twist2 and Ndk1, extending Burga's proposed mechanism into the non-coding genome.
( Figure 1A ), we assembled a genome-wide multiple alignment between the seven species using MULTIZ (5) . A neutral model of evolution was constructed using fourfold degenerate sites in chicken derived from the Ensembl 89 gene set (6) . Ignoring P. harrisi, phastCons (2) identified 894,840 highly conserved regions not overlapping a protein-coding gene in chicken. Non-coding conserved regions within 100bp of each other were merged, and regions smaller than 100bp were removed, resulting in 430,015 candidate regions ( Figure 1B ).
Using PhyloP (4) we asked whether any of these candidate regions have undergone accelerated molecular evolution in the Galapagos cormorant. Even with a stringent FDR cutoff of 1%, we found 577 accelerated regions in P. harrisi ( Figure 1B ). Of these, 48 elements overlap H3K27Ac enhancer marks at chicken developmental time points HH21 or HH32 by at least 50% (Table 1 ) (7). We refer to this set of 48 regions as P. harrisi Accelerated Limb Regions (PhALRs).
A number of the resulting regions corroborate Burga et al.'s purposed model. For example, PhALR.4 lies 13kb upstream of Prickle1 ( Figure 1C ) and is highly diverged in the Galapagos cormorant ( Figure 1D ). Prickle1 is a key member of the PCP pathway, and mice mutants with a premature stop codon in the 3 rd LIM domain exhibit defective limb growth (8) . Mutants also exhibit altered expression of key developmental limb genes, such as Bmp4 and Wnt5a (8) . Furthermore, mice with a missense mutation in Prickle1 display primary cilium defects (9). PhALR.11 lies 31kb upstream of Ndk1, a highly-conserved gene which regulates Wnt signaling. Knockdown of nkd1 in zebrafish leads to loss of cilia in Kupffer's vesicle (10) .
Other regions suggest that additional mechanisms contribute to the reduced keel and wings in the Galapagos cormorant. PhALR.44 lies 11kb upstream of Twist2. Twist2 is a bHLH transcription factor which represses Grem1 to terminate the Shh/Grem1/Fgf autoregulatory loop in early limb development (11) . Viral-induced misexpression of Twist2 results in underdeveloped limbs in mice (11) . PhALR.21 lies in the intron of Dync1i1, proximal to exon 15. Exon 15 and 17 of DYNC1I1 have been shown to function as distal enhancers for DLX5 and DLX6, two critical regulators of limb development (12) . Chromosomal abnormalities of DYNC1I1, as well as simultaneous disruption of Dlx5 and Dlx6, both lead to split hand and foot malformation in humans and mice, respectively (12, 13) . Other P. harrisi Accelerated Limb Regions are found next to SMAD, TBX, IRX genes and more (Table 1) . Burga et al. identified genes in P. harrisi with striking loss of function mutations and demonstrated that cilia development, hedgehog signaling, and the PCP pathway may be responsible for flightlessness in the Galapagos cormorant (1). Developmental genes are highly pleiotropic and will only accumulate deleterious mutations when the organism can withstand the corresponding loss in fitness throughout all developmental contexts (14) . It is plausible that additional genes contribute to flightlessness in the Galapagos cormorant, but present with no loss of function coding mutations. Instead, the oft less pleiotropic cis-regulatory elements for these genes may mutate more freely. Here, we discover multiple putative limb enhancers which have diverged significantly in the Galapagos cormorant, including those upstream of functionally relevant genes. Our results corroborate the model purposed by Burga et al., and extend it into the non-coding genome. (8) and primary cilia defects (9) . (D) A portion of PhALR.4 is shown highly diverged in P. harrisi. Bases which are identical to the sequence in P. auritus are represented by a dot, the absence of a basepair is denoted by a dash. Despite the very short evolutionary distance between P. auritus and P. harrisi ( Figure 1A) , the corresponding sequence in P. harrisi is even more diverged than the corresponding sequence in G. gallus. Using position weight matrices (15), we predicted three binding sites of important limb development regulators which appear eroded in the Galapagos cormorant. 
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